The minimal inhibitory concentrations of 30 antibiotics were determined by the agar dilution method for 17 penicillinase-positive and 50 penicillinase-negative strains of Neisseria gonorrhoeae. The latter included 42 strains that were penicillin susceptible (pen S) (minimal inhibitory concentration, <0.125 jig/ml) and 8 strains with intermediate resistance to penicillin (pen I; minimal inhibitory concentration, 0.125 to 0.5 ,ug/ml). Two penicillinase-resistant penicillins (methicillin and nafcillin) were inhibitory for penicillin-resistant (pen R) strains. Three new cephalosporins (cefuroxime, cefamandole, cefaclor) and a cephamycin (cefoxitin) were bacteriostatic (minimal inhibitory concentration s0.8 ,ug/ml) for 90% of pen S, pen I, and pen R strains. Pen I strains were more resistant than pen R strains to 6 of 13 cephalosporins. Rifampin, erythromycin, spectinomycin, chloramphenicol, and the tetracyclines were inhibitory for both pen S and pen R strains. The minimal bactericidal concentrations of cefuroxime, cefamandole, cefaclor, and cefoxitin were measured for 17 pen R strains and eight pen I strains by serial dilution of the antibiotics in Trypticase soy broth supplemented with 1% IsoVitaleX and 1% hemoglobin. All tubes were subcultured after overnight incubation at 37°C. Cefuroxime and cefoxitin were bactericidal at low concentrations (minimal bactericidal concentration, <1.0 ,ug/ml) for 16 of 17 pen R strains and 6 of 8 pen I strains.
genital gonorrhea were relatively resistant to benzylpenici,hin (minimal inhibitory concentration [MIC] , 0.125 ,g/ml), but they lacked peniciflinase activity (13) . Beginning in 1976 penicillinase-positive strains of Neisseria gonorrhoeae highly resistant to benzylpenicillin were found in Southeast Asia and Africa and, subsequently, in England, continental Europe, and the United States (13 (13) . In vitro antibiotic susceptibility tests by the agar plate dilution method were done on more than 130 of these strains with fiye antibiotics (benzylpenicillin, ampicillin, tetracycline, erythromycin, spectinomycin). Penicillinase-producing N. gonorrhoeae strains were significantly more resistant to all of these antibiotics, except for spectinomycin, than were penicillinase-negative strains of N. gonor- Ag/ml). We compared the MICs of 30 antibiotics, including 10 penicillins, 13 cephalosporins, 3 tetracyclines, spectinomycin, erythromycin, chloramphenicol, and rifampin. We also determined the minrimal bactericidal concentrations (MBC) of four new cephalosporins for 17 (2) . Assay plates (Diagnostics, Inc., Minneapolis, Minn.) contained Mueller-Hinton agar supplemented with 1% (wt/vol) hemoglobin and 1% (vol/vol) IsoVitaleX and met the conditions for quality assurance as outlined by the National Committee for Clinical Laboratory Standards (9) . Several colonies of N. gonorrhoeae were picked from overnight growth on chocolate agar plates and suspended in Trypticase soy broth until the turbidity matched a 0.5 McFarland standard. This suspension was then streaked on assay plates. A 10-IU penicillin disk (Difco) was applied, and the plates were incubated at 35°C in a candle extinction jar for 18 to 24 h. The diameters of growth inhibition zones were measured to the nearest millimeter with calipers.
MBC. MBC determinations for cefaclor, cefamandole, cefoxitin, and cefuroxixne were performed by a twofold broth dilution method (1), using Trypticase soy broth supplemented with 1% (wt/vol) hemoglobin and 1% (vol/vol) IsoVitaleX The doubling time of N. gonorrhoeae in this medium was approximately 2 h, as determined by plate counts. The tubes of serially diluted antibiotics and the control tubes were inoculated with an equal volume of cell suspension adjusted to 105 viable units per ml and confirmed by plate counts. The tubes were incubated for 18 to 24 h in a candle extinction jar; 0.01 ml from each tube was then subcultured with a calibrated loop onto freshly prepared chocolate agar plates. The M3C was the lowest concentration of antibiotic which yielded ho more than one colony on subculture after 18 to 24 h of incubation.
Beta-lactamase activity. Rapid tests for f-lactamase were performed by an acidimetric method with phenol red indicator (3), by an iodometric method (6) , and by using a chromogenic cephalosporin substrate (10) . A penicillinase-producing strain of S. aureus was used as a positive contrdl for ,B-lactamase activity, Pen S strains of N. gonorrhoeae served as negative controls. We included only those pen R strains which were positive by all three tests for fi-lactamase activity. The chromogenic cephalosporin gave the most clearcut and quickest results. RESULTS MIC. The agar dilution MIC range concentrations required to inhibit 50 and 90% of the strains for 30 antibiotics and 50 pen S and 17 pen R strains of N. go'norrhoeae are shown in Table 1 . The concentrations required to inhibit 50 and 90% of the strains for each antibiotic were calculated by probit analysis using log-probability paper. The ratio of the concentration required to inhibit 90% of the pen R strains to the concentration required to inhibit 90% of the pen S strains is also presented. The attainable peak serum level after the usual dose given orally or VOL. 15, 1979 intramuscularly for anogenital gonorrhea is also penicillin, and methicillin. Dicloxacillin, cloxacompared (5) .
cilhin, nafcillin, and oxacillin were relatively inFor pen S strains the most effective penicillins effective. With pen R strains the most effective appeared to be (in order) ampicillin, benzylpen-penicillins were (in order) methicillin, nafcilicillin, amoxicillin, carbenicilhin, phenoxymethyl lin, dicloxacilhin, cloxacillin, and carbenicillin. Amoxicillin, ampicillin, phenoxymethyl penicillin, benzylpenicillin, and oxacillin were ineffective.
For the pen S strains the most active cephalosporins were (in order) cefuroxime, cefaclor, cefoxitin (a cephamycin), cefamandole, cefatrizine, cephalothin, cefazolin, cephapirin, cephaloridine, cephalexin, and cephradine. Cefadroxil and cephacetrile were relatively inactive. For the pen R strains the most active cephalosporins were (in order) cefuroxime, cefaclor, cefoxitin, cefamandole, cephalothin, cefatrizine, cefazolin, cephalexin, cephradine, cephapirin, and cefadroxil. Cephaloridine and cephacetrile were relatively ineffective.
Among the non-beta-lactam antibiotics, the most active (in relation to attainable blood levels) against pen S strains were (in order) rifampin, chloramphenicol, erythromycin, minocycline, doxycycline, tetracycline, and spectinomycin. For the pen R strains the most active non-beta-lactam antibiotics (in comparison to attainable blood levels) were (in order) rifampin, erythromycin, spectinomycin, chloramphenicol, minocycline, doxycycline, and tetracycline.
Comparison of the ratio of the concentration required to inhibit 90% of the pen R strains to the concentration required to inhibit 90% of the pen S strains shows the following antibiotics to be relatively more active (in order) against pen R strains: cefuroxime, rifampin, dicloxacillin, cefaclor, cephradine, cephalexin, spectinomycin, cefadroxil, nafcillin, cloxacillin, cephacetrile, erythromycin, cefamandole, cephalothin, methicillin, cefoxitin, cefaclor, cephapirin, cefatrizine, doxycycline, and tetracycline. With each of these antibiotics the ratio of the concentration required to inhibit 90% of the pen R strains to the concentration required to inhibit 90% of the pen S strains was less than one.
Disk diffusion versus agar dilution penicillin MIC. A comparison of the zones of inhibition around a 10-IU disk of benzylpenicillin by diffusion on agar plates (Bauer-Kirby method) was made with the agar dilution MIC for 16 pen R strains and 26 unselected pen S strains (Fig.  1 ). There was a highly significant negative correlation (correlation coefficient, -0.94), as calculated by linear regression with a HewlettPackard HP-65 calculator. A zone of inhibition of 23 mm or less was highly predictive of penicillinase production. The more susceptible penicillinase-negative strains had inhibition zones 34 to 56 mm in diameter. There was considerable overlap in inhibition zone diameters of pen I strains (MIC, 20.125 .g/ml) and the more susceptible pen S strains (MIC, s0.064 ltg/ml). had less effect on the MIC; the MIC increased fourfold with the larger inoculum only for nafcillin. With all other antibiotics the ratio of the MIC for a large inoculum to the MIC for a small inoculum was no more than 1:2 for pen I strains.
MBC. Figure 2 compares the MICs and the MBCs of the three most active cephalosporins and cefoxitin against eight pen I strains and 17 pen R gonococcal strains. With the exception of cefuroxime, the four antibiotics were all bactericidal as well as bacteriostatic. There was a fairly close correlation between the MIC and MBC. Cefuroxime had the lowest MIC for the two gonococcal groups that were relatively or highly resistant to penicillin. Both the MIC and MBC of cefuroxime for some pen I strains, however, were 1 to 4 ,ug/ml, a level as great as for the other three antibiotics. Also, with cefuroxime the MBC was somewhat greater than the MIC for half of the pen R strains. DISCUSSION Pen R strains of N. gonorrhoeae are resistant to most oral penicillins, but they are susceptible to methicillin and, to a lesser degree, to nafcillin (4, 19) . Pen I strains are more resistant than pen R strains to several penicillinase-resistant penicillins (dicloxacillin, nafcillin, cloxacilhin, methicillin). As expected, pen R strains are more resistant than pen I strains to penicillinase-sensitive penicillins (benzylpenicillin, ampicillin, amoxicillin, carbenicillin) (4, 19) . Pen R and pen I strains are both relatively resistant to some of the well-established cephalosporins, but they are susceptible to cephalothin, cefazolin, and three newer cephalosporins (cefamandole, cefaclor, cefuroxime) as well as cefoxitin (a cephamycin) (4, 11) . Pen R strains were found to be susceptible to rifampin, erythromycin, the tetracyclines, chloramphenicol, and spectinomycin, confirming the observations of Siegel et al. (13) .
Penicillinase-producing strains can be detected simply with a standard 10-IU penicillin disk on a supplemented Mueller-Hinton agar plate (20) . Our data confirm and extend, by including pen R strains, earlier observations showing that the inhibition zone diameter by the disk method correlates fairly closely with the penicillin MIC determined by the agar dilution method (7, 12) . This close correlation for penicillin susceptibility is true when pen R and pen S strains are compared. There is, however, a considerable overlap in the diameter of zones of inhibition observed for pen I and pen S strains.
With pen R strains the MICs for penicillin, some congeners of penicillin (especially carbenicillin), and some cephalosporins (cephacetrile, cefamandole) are notably affected by the size of the bacterial inoculum. These antibiotics may not be suitable for therapy of disseminated pen R gonococcal infections and septic complications (endocarditis, meningitis) where bacterial populations may be very large.
The penicillinase enzyme in gonococci is an important determinant for resistance to penicillin and several other penicillinase-sensitive /)-lactam antibiotics. There are, however, many beta-lactam antibiotics sufficiently active against pen R strains of gonococci that they may prove useful in therapy of anogenital gonorrhea caused by pen R strains. These antibiotics include four penicillinase-resistant penicillins (methicillin, nafcillin, dicloxacillin, cloxacillin), as well as eleven cephalosporins (cefuroxime, cefaclor, cefoxitin, cefamandole, cephalothin, cefatrizine, cefazolin, cephalexin, cephradine, cephapirin, cefadroxil). Non-beta-lactams which may be effective against pen R gonococcal infections include rifampin, erythromycin, the tetracyclines, chloramphenicol, and spectinomycin. The usefulness of rifampin may be limited by the rapid acquisition of bacterial resistance.
Gonococci are autolytic in water, saline, and Mueller-Hinton broth but not in supplemented Trypticase soy broth. In the latter medium antibiotic MBCs should accurately predict antibiotic bactericidal effect (1) . As yet there is little published information on the bactericidal effect in vitro of antibiotics on N. gonorrhoeae. It has been suggested that spectinomycin is bactericidal for gonococci, but sufficient controls to exclude autolysis were lacking (8, 17) .
The high correlation between the MBCs and MICs at attainable serum levels of two of the most active new cephalosporins (cefamandole and cefaclor), as well as cefoxitin, for both pen R and pen I strains of N. gonorrhoeae suggests that these antibiotics can kill pen R and pen I strains. Cefuroxime may be an exception. For pen R strains the MBC of cefuroxime was often considerably greater than the MIC. The clinical usefulness of cefuroxime might be limited in gonococcal infections (pharyngitis, meningitis, endocarditis) caused by pen R strains and requiring bacterial kill for cure.
In summary, pen R strains of N. gonorrhoeae are highly resistant to penicillin and some of its close congeners, but they are susceptible to some penicillinase-resistant penicillins (i.e., methicillin and nafcillin). Pen R strains are also susceptible to three new cephalosporins (cefuroxime, cefamandole, cefaclor) and cefoxitin (a cephamycin), as well as to some of the older cephalosporins. Pen R strains are resistant to cephaloridine and cephacetrile. They are susceptible to
